Introduction
Living Soricidae family members are conventionally represented by two subfamilies: Crocidurinae (whitetoothed shrew) and Soricinae (red-toothed shrew) (Reumer, 1987) . With 76 species, the genus Sorex is dominant in the subfamily Soricinae. The genus Sorex in the Palaearctic region is divided into three taxonomic groups: Sorex araneus (S. araneus and S. satunini) Sorex minutus (S. minutus and S. volnuchini) , and S. raddei (Macholan, 1996; Fumagalli et al., 1999; Hutterer, 2005) . In Turkey, 5 species of Sorex are common (Krystufek and Vohralik, 2001) .
Some members of the genus Sorex (Sorex araneus) have an XY1Y2 sex chromosome system and show highlevel Robertsonian chromosomal polymorphism (Biltueva et al., 2000; Wojcik et al., 2002) . Due to these properties, members of the genus Sorex are frequently used in studies of mammalian chromosome evolution. Karyological studies of the five Sorex species found in Turkey are very scarce (Macholan, 1996; Zima et al., 1997 Zima et al., , 1998 Biltueva et al., 2000 Biltueva et al., , 2011 ; most of them are only standard chromosomal staining studies (except for Biltueva et al., 2000 Biltueva et al., , 2011 .
The genus Talpa is represented by nine species distributed in the Western Palaearctic (from the Iberian Peninsula to Siberia) (Krystufek and Vohralik, 2001; Hutterer, 2005) . Turkey also shows common distribution of four species of Talpa, namely T. europaea, T. caucasica, T. levantis, and T. davidiana (Krystufek and Vohralik, 2001) . Karyological studies of Talpa species that show a conservative structure in terms of chromosome number are very limited in Turkey (Colangelo et al., 2010; Sözen et al., 2012) . In general, Talpa species have 2n = 34 chromosomes. The exception is that T. caeca has 2n = 36 and T. caucasica has 2n = 38 (Kefelioğlu and Gençoğlu, 1996; Gornung et al., 2008) . The karyotype of T. levantis was identified by Kefelioğlu and Gençoğlu (1996) . However, there is no detailed information about the band structures of chromosomes.
The cytogenetic characteristics of Sorex volnuchini and Talpa levantis are unknown. With this study, the chromosomal band (G -C -NORs) characteristics of Sorex volnuchini and Talpa levantis were determined for the first time in the literature.
Materials and methods
The cytogenetic analyses were performed with four female and one male Sorex volnuchini specimens and two female and one male Talpa levantis specimens collected from north of Samsun (Turkey). Chromosome preparations were obtained from the femoral bone marrow cells of colchicine-treated animals (Ford and Hamerton, 1956 ). The G-banding technique was applied as described by Seabright (1971) . The constitutive heterochromatin distribution and nucleolar organizer regions (NORs) were determined using techniques from Summer (1972) and Howell and Black (1980) , respectively. From each specimen 10 to 20 slides were prepared and at least 10 well-spread metaphase plates were analyzed. This study was carried out after permission was obtained from the Ondokuz Mayıs University Local Ethics Committee for Animal Experiments (permit number: B.30.2.ODM.0.20.09.00-050.04-97 for Sorex volnuchini and B.30.2.ODM.0.20.09.00-050.04-09 for Talpa levantis).
Results
The karyotype of the five Sorex volnuchini specimens obtained in the study is 2n = 40, NFa = 54. There are six large metacentric/submetacentric (no. 1, 2, 3, 4, 5, 7), one large subtelocentric (no. 6), one small metacentric (no. 8), and 11 acrocentric autosomal chromosome pairs (no. 9-19) in the karyotype. The X chromosome is large metacentric and Y is large acrocentric. Secondary constriction is present in the long arm of acrocentric chromosome pair no. 17 (Figure 1) .
The karyotype of Talpa levantis is 2n = 34, NFa = 64. There are 10 pairs of metacentric, three pairs of submetacentric, and three pairs of subtelocentric chromosomes. The X chromosome is large metacentric and the Y chromosome is dot shape and the smallest chromosome in the chromosome set. Since these results are consistent with those given by Kefelioğlu and Gençoğlu (1996) , standard karyotype staining results are not shown here.
Constitutive heterochromatin regions in the chromosome set were determined via C-band method. C-negative, C-positive, and heteromorphic heterochromatin band structures are present in the karyotype of S. volnuchini. While C-bands are significantly pericentromeric in 1, 3, 4, 7, 8, 9, 11, 13, 16 chromosome pairs in the karyotype, the X chromosome is C-negative (Figure 2) .
All the autosomes of T. levantis possessed distinct C-positive bands in pericentromeric areas ( Figure  3 ). G-band structures of S. volnuchini and T. levantis autosomes and sex chromosomes were identified for the first time in this study (Figures 4 and 5) .
One pair of NORs was determined in the karyotype of S. volnuchini. NORs are located in the secondary constriction region and are homomorphic. NORs are also located close to the telomere region in the long arms ( Figure 6 ).
In the karyotype of T. levantis, the secondary constriction is located in the large metacentric autosomal chromosome (no. 8) (Figure 7 ). The number of active NORs varied from 1 to 2 per cell in the metaphase of T. levantis. The NOR is in the secondary constriction region, which is located on the short arm of chromosome pairs no. 8.
Discussion
While the number of chromosomes in the Sorex araneus group shows varying polymorphism, 2n = 20-33 (Yannic et al., 2008) , the Sorex minutus group shows a more consistent chromosomal structure in terms of number of chromosomes (Biltueva et al., 2011) . The number of diploid chromosomes (2n = 40) in Sorex volnuchini, which is included in the Sorex minutus group, is consistent with those obtained from previous studies (Zima et al., 1998; Aslan and Zima, 2014) . Aslan and Zima (2014) reported two small biarmed autosomal pairs of the karyotype obtained from Meryemana (Trabzon, northern Anatolia). Therefore, the karyotype is NFa = 56. However, the number autosomal chromosome arm obtained in this study is NFa = 54. In this study, a pair of small biarmed autosomal chromosomes is present in the karyotype of the samples (four female, one male) obtained from Samsun region (chromosome no. 8). Similarly, the Y chromosome differs from that of previous studies. The Y chromosome of the sample obtained from the Meryemana region of Trabzon is small acrocentric (Zima et al., 1998; Aslan and Zima, 2014) . However, the Y chromosome obtained in the present study is large acrocentric in the karyotype set.
The karyotype of T. levantis has 2n = 34, NFa = 64. The metacentric, submetacentric, and subtelocentric chromosomes in the chromosome set are consistent with the result reported by Kefelioğlu and Gençoğlu (1996) . In all karyotypes, the structures of C-bands are in the pericentromeric region. In chromosome pair no. 9, the C-heterochromatin region is expanded to include the short arm of the chromosome (Figure 3 ). C-band positive structures of X and Y chromosomes are apparent. No distal heterochromatin structure was observed in chromosome pairs. According to Gornung et al. (2008) , no short arm is present in the chromosome pair no. 9 of Talpa caeca and Talpa stankovici karyotypes. Talpa europaea and Talpa romana karyotypes have a heterochromatic short arm in chromosome pair no. 9. A heterochromatic short arm is present in chromosome no. 9 of the karyotype of Talpa levantis in this study.
The karyotype of T. levantis has a large euchromatin area containing a centromeric region in chromosome no. 1 (Figure 5 ). The G-band structure of T. levantis chromosomes is similar to those of T. europaea and T. romana (Gornung et al., 2008) .
NORs located on the chromosomes are repetitive gene regions consisting of consecutive subunits. In mammals, subunits encoded by rDNA include 18S, 5.8S, and 28S rRNA units (Cazaux et al., 2011) . Because species-specific rDNA clusters located on the chromosome are found in different regions and numbers, they are frequently used in phylogenetic and mammalian systematics (DavidianBritton et al., 2012; Stepinski, 2013) . Since silver stains the NOR-associated proteins on the chromosomes, NORs can be determined by silver staining (Rao et al., 2005) . Cytogenetic studies of Taterillus pygargus (Mammalia: Rodentia) and Erinaceus algirus (Mammalia: Erinaceomorpha) (Sanchez et al., 1995; Dobigny et al., 2002) showed that silver can also bind in rDNAfree regions. Because the silver nitrate can also bind to nonspecific regions on the chromosomes, the reliability of the Ag-NOR method is controversial (Dobigny et al., 2002) . Similarly, Zurita et al. (1997) reported interchromosomal, intercellular, and interindividual variability of NORs studied with silver staining. However, Ag-NOR is widely used in many taxonomic groups (Dobigny et al., 2002) . In addition, although NORs can be determined by silver staining, they can be in the form of secondary constrictions, which are active transcript regions on the metaphase chromosomes (Godpasture and Bloom, 1975; Rao et al., 2005; Caperta et al., 2007; Stepinski, 2013) . According to the standard staining results of the karyotype of S. volnuchini, the secondary constriction is present on the long arm of chromosome pairs no. 17 (Figure 1 ). Silver staining shows the presence of an active NOR in this region in the karyotype of S. volnuchini (Figure 6 ). Similarly, in the karyotype of T. levantis, an active NOR is found to be close to the centromere and in the secondary constriction region, which is located on the short arm of the metacentric chromosome in the chromosome set. In addition, in the karyotypes of T. occidentalis distributed in the Palearctic region (Jimenez et al., 1984; Zurita et al., 1998) , T. europaea, T. romana (Volleth and Müller, 2006; Gornung et al., 2008) , and T. altaica (Kawada et al., 2002) NORs are located on the short arm of autosomal metacentric chromosomes as in the karyotype of T. levantis.
In conclusion, it is necessary to identify the chromosomal band structures of other Talpa and Sorex species distributed in Turkey to demonstrate the chromosomal evolution of Talpa and Sorex species. In particular, karyological studies involving samples obtained from different geographical areas are needed to determine the existence of chromosomal evolution of Sorex species and different karyotypes.
